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D scription 

The invention relates to a scanning microscope 
for observing an object placed in an object plane, 
comprising a coherent radiation source, an objec- 
tive system for focussing radiation emitted by the 
radiation source to a radiation spot in the object 
plane and a radiation-sensitive detection system 
comprising two radiation detectors which are ar- 
ranged in such a way that radiation from the two 
discrete halves of the radiation beam from the 
radiation spot is detected by a different detector. 
The spot is preferably diffraction-limited. A micro- 
scope of this type is eminently suitable for observ- 
ing phase structures in an object such as, for 
example a biological cell or a piece of semiconduc- 
tor material which has undergone one or more 
process steps for providing an integrated circuit 
therein. 

A microscope of this type is described in the 
Article "Improved imaging of phase gradients in 
scanning optical microscopy" by D.K. Hamilton et 
al. in the magazine "Journal of Microscopy", Vol. 
135, Pt. 3, pages 275-286. In the known micro- 
scope the radiation passing through the object is 
detected by two radiation-sensitive detectors each 
receiving approximately half of the radiation core 
and converting it into an electrical signal. The de- 
tectors are juxtaposed and may be partly covered 
by a diaphragm so that the shape of the radiation- 
sensitive surface of the detectors is influenced. A 
high resolution can be attained by suitably choos- 
ing this shape, that is to say, by adapting it to the 
nature of the object to be observed. 

However, if the object is not well focussed or if 
it has a finite thickness, the radiation detected by 
the detectors is greatly influenced by structures 
outside the image plane of the objective system. 
For example, radiation from an amplitude structure 
present outside the image plane may influence the 
signal which originates from a phase structure 
present in the image plane. The amplitude or 
phase signal derived from the detector signals is 
then no longer an exact reproduction of a structure 
in the object plane. Moreover, there is of course a 
loss of definition in the observed image. 

It is an object of the invention to provide a 
microscope which is improved in this respect. To 
this end a microscope according to the invention is 
characterized in that the detectors are point detec- 
tors separated from each other and in that a beam 
divider is arranged in the radiation path from the 
object plane to the radiation detectors and in that 
an imaging system with which the object plane is 
imaged on the detector is arranged between the 
object plane and each detector. The imaging sys- 
tem may be separate for each of the detectors, but 
is may also be common for both detectors. A point 



detector is to be understood to mean a detector 
whose radiation-sensitive surface is smaller than 
the surface of the diffraction-limited spot. In prac- 
tice such a detector is realized by placing a dia- 

5 phragm having a very small aperture, a so-called 
pinhole diaphragm, in front of a radiation-sensitive 
element, for example a photo-diode. 

A microscope in which both the radiation 
source is imaged on the object plane and which 

10 the object plane is imaged on a point detector is 
referred to as a confocal microscope. Such a mi- 
croscope has the advantage of a very small depth 
of field. Details which are present outside the ob- 
ject plane receive only a part of the incident radi- 

75 ation beam and are imaged out of focus on the 
point detector. Thus, these details have only a 
slight influence on the intensity of the detected 
signals. A confocal microscope has also a better 
resolution in the object plane because, due to the 

20 two imaging systems, a point in the object plane 
has a narrower point response than in a conven- 
tional microscope. These advantages are de- 
scribed, inter alia, in the Article "Imaging Prop- 
erties and Applications of Scanning Optical Micro- 

25 scopes" by T. Wilson in the magazine "Applied 
Physics", Volume 22, pages119-128 (1980). As a 
result of the small depth of field the use of the 
confocal principle in a differential phase contrast 
microscope has the advantage that the said distur- 

30 bance of the observed signals by structures 
present outside the image plane is suppressed. 

The invention is based on the recognition that, 
unlike the prevailing view, the principle of confocal 
microscopy can indeed by used advantageously in 

35 a differential phase contrast microscope. 

An embodiment of the microscope according 
to the invention is characterized in that the beam 
divider is constituted by a double optical wedge. 
A further embodiment of the microscope ac- 

40 cording to the invention in which the radiation re- 
flected by the object is detected is characterized in 
that a beam splitter is arranged in the radiation 
path from the radiation source to be object plane. 
The beam splitter couples out a part of the re- 

45 fleeted radiation and directs it towards the point 
detectors. 

This embodiment of the microscope according 
to the invention is preferably further characterized 
in that the radiation source is suitable for emitting a 

so linearly polarized radiation beam, in that the beam 
splitter is a polarization-sensitive beam splitter and 
in that a X/4 plate is arranged between the beam 
splitter and the object plane, in which X is the 
wavelength of the radiation used. The available 

55 radiation is then used as efficiently as possible. 

A preferred embodiment of the microscope ac- 
cording to th invention, also one in which the 
radiation reflected by the object is detected is 
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characterized in that the objective system and th 
imaging system have at least one optical element 
in common. If the major lens (or lenses) of the 
objective and imaging systems are equal, a num- 
ber of aberrations are compensated for. In addition 
there are fewer alignment problems and a certain 
cost-saving is obtained. 

It stands to reason that a microscope of this 
type with which only one single point of the object 
is observed simultaneously must be provided with 
means for moving said point and the object with 
respect to each other. These means may comprise, 
for example a table for arranging the object there- 
on, which table can be moved parallel to the object 
plane. These means may, for example, also be 
constituted by controllable beam-deflecting ele- 
ments such as moving mirrors arranged both in the 
radiation path of the radiation towards the object 
plane and in the radiation path of the radiation 
originating from the object plane. 

An embodiment of the microscope according 
to the invention in which the radiation reflected by 
the object is observed, is, however, characterized 
in that beam-deflecting means are arranged in the 
radiation path between the beam splitter and the 
object plane. These means comprise, for example 
a pivotal mirror for scanning a line on the object 
and possibly a second pivotal mirror by which a 
surface can be scanned in co-operation with the 
first mirror. By placing the beam-deflecting-means 
in the radiation path of radiation which is incident 
on the object as well as radiation from the object, 
synchronization of two scanning systems can be 
dispensed with. 

The invention will now be described in greater 
detail with reference to the accompanying drawings 
in which 

Figures 1a and 1b show diagrammatically a 
known differential phase contrast microscope 
and a known confocal microscope, respectively, 
Figure 2 illustrates the principle of a confocal 
differential phase contrast microscope according 
to the invention and 

Figure 3 shows an embodiment of such a micro- 
scope 

In Fig. 1a the reference numeral 10 denotes a 
radiation source which may consist of, for example 
a laser or, as is shown, a combination of an in- 
coherent radiation source emitting a broad beam 
and a diaphragm place behind it. The radiation 
emitted by the radiation source 10 is focussed by 
an objective system 20 to a small radiation spot A 
in the object plane 30. The radiation from the 
radiation spot is detected by means of the 
radiation-sensitive detection system 50. A collector 
system 40 may be arranged between the object 
plane 30 and th detection system 50. The radi- 
ation detection system 50 comprises two radiation- 



sensitive detectors 51 and 52 which are arranged 
as close as possible to each other on either side of 
the optical axis 0-0/ of the microscope. The phase 
and amplitude image of an object placed in the 

5 object plane 30 is obtained by scanning the object 
with the radiation spot and by subtracting and 
adding the output signals of the two detectors 51 
and 52, respectively, and by further processing 
them in an image-processing system not shown. 

10 The objective system 20 and the collector sys- 
tem 40 are shown in the figure as single biconvex 
lenses. These may of course also be composite 
lenses with which a better result can be obtained 
by compensating aberrations. 

75 Figure 1b illustrates the principle of a known 

confocal microscope. The radiation emitted by a 
radiation source 10 is focussed by means of an 
objective system 20 to a preferably diffraction- 
limited radiation spot A in the object plane 30. 

20 Likewise as with the differential phase contrast mi- 
croscope, the radiation source may be a laser or 
an incoherent radiation source with a diaphragm 
placed behind it. In the latter case the diaphragm 
must, however, have such a small aperture that 

25 actually a coherent light source is obtained. Such a 
diaphragm is referred to as a pinhole diaphragm. 

The radiation spot formed in the object plane is 
imaged by the imaging lens 40 on the point detec- 
tor 50. This detector comprises a pinhole dia- 

30 phragm 53 placed in the imaging plane, which 
diaphragm also has a very small aperture, and a 
radiation-sensitive detector 54, for example a 
photodiode placed behind it. 

A confocal microscope is substantially insensi- 

35 tive to details of the object which are not located in 
the scanned object plane 30. Since these details 
are only irradiated by a part of the radiation beam, 
which details are imaged blurred on the plane of 
the radiation-sensitive detector and since only a 

40 part of the blurred image is observed by the point 
detector, these details influence the detected signal 
to a very small extent only. 

Figure 2 illustrates the principle of the micro- 
scope according to the invention. As in Figures 1 a 

45 and 1b, a radiation source 10 is shown, as well as 
an objective system 20 which focusses the radi- 
ation from the radiation source 10 to a preferably 
diffraction-limited spot A in the object plane 30. A 
beam divider 60, for example a double optical 

so wedge, divides the radiation beam into two sub- 
beams which are added to two point detectors 
constituted by the radiation-sensitive detectors 61 
and 62, respectively, and the pinhole diaphragms 
63 and 64 placed in front of them. A further em- 

55 bodiment of the beam divider 60 comprises, for 
example a double optical wedge composed of two 
prisms with their narrow sides placed against ach 
other or two plane mirrors whose reflecting sur- 
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faces extend at an angle to each other. 

The radiation beam from the spot A is received 
by an imaging system 40 which is arranged in 
such a way that the object plane 30 is imaged on 
the plane of the two point detectors 61, 63 and 62, 5 
64, respectively. As is shown in Figure 2, the 
imaging system 40 may be arranged between the 
beam divider 60 and the object plane 30, but 
different configurations are alternatively possible, 
for example arranging the system between the ro 
beam divider and the detectors, possibly as two 
separate imaging systems between the beam di- 
vider and each of the two detectors. 

By dividing the radiation beam from the object 
plane into two sub-beams, a differential phase con- 15 
trast microscope is obtained which has as advan- 
tages over a known phase contrast microscope that 
the disturbance of the radiation received by the two 
detectors due to the fact that part of the object is 
not located in the image plane is small, and that 20 
consequently the detector signals and the ampli- 
tude and phase images reconstructed therefrom 
are substantially unaffected by details outside the 
image plane and that the point response in the 
object plane is increased. 25 

Figure 3 shows a possible practical embodi- 
ment of the microscope according to the invention. 
Here again the reference numeral 10 denotes a 
radiation source, for example a laser emitting a 
parallel coherent radiation beam b. This parallel 30 
beam traverses the lenses 21 and 22 of the objec- 
tive system and is focussed by these lenses to a 
diffraction-limited spot A in the object plane 30. 
The radiation reflected by an object in the object 
plane traverses the imaging system constituted by 35 
the lenses 22, 21 , 41 and 42, and is detected, after 
being divided in the beam divider 60, by the two 
radiation-sensitive detectors 61 and 62. By placing 
the pinhole diaphragms 63 and 64 in an image 
plane of the object these detectors effectively are 40 
point detectors. As is shown in the Figure the 
beam divider 60 may be arranged in between the 
lens elements of the imaging system, but it may 
alternatively be arranged between the detectors 
and the imaging system. 45 

The radiation paths of the radiation towards the 
object and the radiation originating from the object 
are separated from each other by the beam splitter 
71 , which is, for example a semitransparent mirror 
passing half the incident radiation and reflecting the 50 
other half. Preferably, however, the beam splitter 
71 is polarization-sensitive beam splitter and the 
radiation emitted by the radiation source 10 is 
linearly polarized. The linearly polarized radiation 
from the source 10 and passed by the polarization- 55 
sensitive beam splitter 71 is transformed to a cir- 
cularly polarized beam by X/4 plate 72 arranged in 
a diagonal position in the radiation path between 



the beam splitter and the object plane. The radi- 
ation reflected by the object is predominantly cir- 
cularly polarized, but it in the opposite direction of 
polarization and is transformed by the X/4 plate 72 
to a predominantly linearly polarized radiation 
beam whose plane of the direction of polarization is 
now, however, perpendicular to the plane of the 
direction of polarization of the original beam. The 
radiation from the object is reflected predominantly 
in the direction of the divider 60 by the 
polarization-sensitive beam splitter so that the ob- 
served radiation intensity is higher than when using 
a neutral beam splitter. 

Since the microscope observes only one point 
of the object, means to move the object and the 
radiation spot formed thereon or therein with re- 
spect to each other are required for forming an 
image of the object. In the embodiment of Figure 3 
there is provided a pivotal mirror 73 oscillating 
around a shaft 74 perpendicular to the plane of the 
drawing. As a result the radiation spot and hence 
the observed point is moved in one direction in the 
object plane. Movement in the other direction can 
be realised by a second pivotal mirror or by mov- 
ing the table on which the object is secured. 

By placing the pivotal mirror in the common 
radiation path of the radiation towards the object 
and the radiation originating from the object, a 
single pivotal mirror may suffice and synchroniza- 
tion between a plurality of pivotal mirrors is super- 
fluous. 

Instead of a pivotal mirror other scanning or 
beam-deflecting facilities are possible such as for 
example an acousto-optical element or a rotating 
reflecting polygon. 

Claims 

1. A scanning microscope for observing an object 
placed in an object plane, comprising a coher- 
ent radiation source (10), an objective system 
(20) for focussing radiation emitted by the radi- 
ation source to a radiation spot (A) in the 
object plane (30) and a radiation-sensitive de- 
tection system (61-64) comprising two radi- 
ation detectors (61-64) which are arranged in 
such a way that radiation from the two discrete 
halves of the radiation beam originating from 
the radiation spot (A) is detected by a different 
detector, characterized in that the detectors 
are point detectors separated from each other, 
in that a beam divider (60) is arranged in the 
radiation path from the object plane (30) to the 
radiation detectors (61-64) and in that an imag- 
ing system (40) with which the object plane is 
imaged on the detector is arranged between 
the object plane (30) and each detector. 
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2. A microscope as claimed in Claim 1, char- 
acterized in that the beam divider (60) is con- 
stituted by a double optical wedge. 

3. A microscope as claimed in Claim 1 or 2, in 
which the radiation reflected by the object is 
detected, characterized in that a beam splitter 

(71) is arranged in the radiation path from the 
radiation source (10) to the object plane (30). 

4. A microscope as claimed in Claim 3, char- 
acterized in that the radiation source (10) is 
suitable for emitting a linearly polarized beam, 
in that the beam splitter (71) is a polarization- 
sensitive beam splitter and in that a X/4 plate 

(72) is arranged between the beam splitter (71) 
and the object plane (30), in which X is the 
wavelength of the radiation used. 

5. A microscope as claimed in Claim 3 or 4, 
characterized in that the objective system (21 , 
22) and the imaging system (21, 22, 41, 42) 
have at least one optica! element (21, 22) in 
common. 

6. A microscope as claimed in Claim 3, 4 or 5, 
characterized in that beam -deflecting means 

(73) are arranged between the beam splitter 
(71) and the object plane (30). 

Revendications 

1. Microscope de balayage pour Tobservation 
d'un objet place dans un plan objet, compor- 
tant une source de rayonnement coherent (10), 
un systeme d'objectif (20) pour la focalisation 
de rayonnement 6mis par la source de rayon- 
nement en une tache de rayonnement (A) dans 
le plan objet (30) et un systeme de detection 
sensible a rayonnement (61-64) comportant 
deux detecteurs de rayonnement (61-64) qui 
sont disposes de fagon que les rayonnements 
des deux moities discretes du faisceau de 
rayonnement provenant de la tache de rayon- 
nement soient detectes par des detecteurs dif- 
fe rents, caracterise en ce que les detecteurs 
sont des detecteurs ponctuels separes Tun de 
Pautre et en ce qu'un diviseur de faisceau (60) 
est dispose* dans le trajet de rayonnement du 
plan objet (30) vers les detecteurs de rayonne- 
ment (61-64) et en ce qu'un systeme de for- 
mation damage (40) avec lequel le plan objet 
est repnSsente sur le detecteur est dispose 
entre le plan objet (30) et chaque detecteur. 

2. Microscope selon la revendication 1, caracteri- 
se n ce que le diviseur de faisceau (60) st 
constitue par un coin optique double. 



3. Microscope selon ta revendication 1 ou 2, dans 
lequel le rayonnement reflechi par I'objet est 
detecte, caracterise* en ce qu'un diviseur de 
faisceau (61) est dispose dans le trajet de 

5 rayonnement provenant de la source de rayon- 

nement (10) vers le plan objet (30). 

4. Microscope selon la revendication 3, caracteri- 
se en ce que la source de rayonnement (10) 

io est appropriee a remission d'un faisceau de 

rayonnement polarise* Iin6airement, en ce que 
le diviseur de faisceau (71) est un diviseur de 
faisceau sensible a polarisation et en ce 
qu'une lame X/4 (72) est disposed entre le 

75 diviseur de faisceau (71) et le plan objet, X 

etant la longueur d'onde du rayonnement utili- 
se. 

5. Microscope selon la revendication 3 ou 4, ca- 
20 racteYise en ce que le systeme d'objectif (21, 

22) et le systeme de formation d'image (21, 
22, 41, 42) pr^sentent au moins un element 
optique (21, 22) en commun. 

25 6. Microscope selon la revendication 3, 4 ou 5, 
caracterise* en ce que les moyens de deviation 
de faisceau (73) sont disposes entre le diviseur 
de faisceau (60) et le plan objet (30). 

30 Patentanspruche 

1. Abtastmikroskop zum Beobachten eines in ei- 
ner Objektebene aufgestellten Objekts, mit ei- 
ner koharenten Strahlungsquelle (10), einem 

35 Objektivsystem (20) zum Fokussieren von aus 

der Strahlungsquelle abgehender Strahlung zu 
einem Strahlungsfleck (A) in der Objektebene 
(30) sowie einem strahlungsempfindlichen De- 
tektorsystem (61. ..64) mit zwei Strahlungsde- 

40 tektoren (61-64), die derart angeordnet sind, 

dafl Strahlung der beiden diskreten Halften des 
vom Strahlungsfleck (A) herruhrende Strah- 
lungsbundels von einem anderen Detektor de- 
tektiert wird, dadurch gekennzeichnet , dafl die 

45 Detektoren voneinander getrennte Punktdetek- 

toren sind. da/3 ein Bundelteiler (60) im Strah- 
lungsweg von der Objektebene (30) zu den 
Strahlungsdetektoren (61 ...64) angeordnet ist, 
und dafl ein Abbildungssystem (40), mit dem 

50 die Objektebene am Detektor abgebildet wird, 

zwischen der Objektebene (30) undjedem De- 
tektor angeordnet ist. 

2. Mikroskop nach Anspruch 1, dadurch gekenn- 
55 zeichnet, daB der Bundelteiler (60) durch einen 

optischen Doppelkeil ausgebildet wird. 

3. Mikroskop nach Anspruch 1 Oder 2, in dem die 
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vom Objekt zuriickgeworfene Strahlung detek- 
tiert wird, dadurch gekennzeichnet , dafl ein 
Bundeltrenner (71) im Strahlungsweg von der 
Strahlungsquelle (10) zur Objektebene (30) an- 
geordnet ist. 5 

4. Mikroskop nach Anspruch 3, dadurch gekenn- 
zeichnet, da/i die Strahlungsquelle (10) sich 
zum Aussenden eines linear polarisierten Bun- 
dels eignet, da!3 der Bundeltrenner (71) ein w 
polarisationsempfindlicher Bundeltrenner ist, 

und da!3 eine \/4-Platte (72) zwischen dem 
Bundeltrenner (71) und der Objektebene (30) 
angeordnet ist, worin X die Wellenlange der 
benutzten Strahlung ist. *s 

5. Mikroskop nach Anspruch 3 oder 4, dadurch 
gekennzeichnet daG das Objektivsystem (21, 
22) und das Abbildungssystem (21, 22. 41, 42) 
wenigstens ein optisches Element gemeinsam 20 
haben. 

6. Mikroskop nach Anspruch 3, 4 oder 5, dadurch 
gekennzeichnet , da/3 Bundeiablenkmittel (73) 
zwischen dem Bundeltrenner (71) und der Ob- 25 
jektebene (30) angeordnet sind. 
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